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Abstract

A large-scale measurement and subjective survey was undertaken in five underground
shopping streets to determine the influence of spatial and environmental chaictenis

users’ subjective loudness and acoustic comfort. The analysis on the spatial chaiesteri
shows that the subjective loudness higher in “street type” than in “square typé
underground shopping streets when the equivalent continuous A-weighted sound pressure
level (LAeq) is relatively high (75 dBA). Acoustic comfasthigher in “square type” than in

“street typ& underground shopping streets where LAeq is relatively low (55 dBA).
Considering spatial functions, it is found that acoustic comfort is higherimraycrea than

in a shopping area. In terms of environna¢icharacteristics where air temperature, relative
humidity, luminance and visual aspect were considered, the subjective loudnesgixed]

by humidity and luminance, with correlation coefficients of 0.10 to 0.30. The eoaluzit
acoustic comfort is influenced by air temperature, humidity, and luminanttecerrelation
coefficients of 0.1 to 0.4. There are significant correlations between tidaagon of
environmental factors and subjective loudness, as well as, acoustic comfort. Thei@orrelat
coefficients are 0.1 to 0.5. Moreovetspondents’ attitude to sound environment could
influence their evaluation of subjective loudness and acoustic comfort.
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1. Introduction

With the exploitation and utilisation of underground spaces, underground shopping
streets have become one of the primary commercial spaces in urban areas in many cities
worldwide. For example, over 0.40 krof underground shopping streets in Harbin, China
were constructed between 2004 and 2008 [1]. Among various problems arising from
underground shopping streets, subjective loudness and acoustic comfort have been an
important issue for architects, owners, administrators, and customers [2]. Some leludies
been carried out in terms of noise reduction and sound insulation in underground shopping
streetd3-4], but research is still limited in terms of subjective loudness and acoustic comfort.

Previous studies suggested that the sound environment evaluation of a space depends
strongly on the specific characteristics of the space, as well as vahigsisal environmental
conditions[5-8]. For example, reverberation was intensely researched in the analysis of
spatial characteristics, and street music is considered suitable at a rewerdere RT)
range of 1s to 2§9-10]. At a constant sound pressure level (SPL), noise annoyance was
observed to be greater with longer reverberation [11]. In terms of audiouiseiction,
Southworth [12] found that attention to visual form reduces the conscious peradEmmd
when aural and visual settings were coupled, and vice versa. The interaction betweey audit
and visual perception gives people a sense of involvement, leading to mdoet @xpecially
when the auditory and visual components are coherent. Previous studies [13-17] indicated that
the auditory judgement can be influenced by visual settings. Unlike visual, faffemts of
other physical factors, like temperature and relative humidity in thecemwent, are less
considered, although the importance has been demonstiE8etd], even for species
diversity [20].

This study, therefore, based on a series of subjective surveys and sound environment
measurements in underground shopping streets, examines the influence of a nsmdutEal of
and environmerat factors on subjective loudness and acoustic comfort. The spatial factors
include space types, floor level, and functions; and the environmental factors include ai
temperature, relative humidity, luminance and visual aspect.

2. Methodology

Underground shopping streets in Harbin, China have a special historical background and
include various general space types. This research selected five typical undespappidg
streets in Harbin as survey sites. These streets are categorised into twahtyFeseet
type,” which is viewed as a long space, such as the Shi Tou Dao, Qiu Lin, and Le Song
underground shopping streets, athd;“square type,” which is viewed as a flat space, such as
the Railway Station and Hui Zhan underground shopping streets; as shown in Table 1.
Subsequent gquestionnaire surveys on the sound environment were conducted over four
seasons, from winter of 2007 to autumn of 2008, in the five selected undergrounthghopp
streets in Harbin. Over 2800 interviews were conducted in the five sites, approximately 400 to
600 interviews in each site, using identical questionnaires. The gquestionnairgradsced
as an enquiry on general environmental conditions, for example, including the evatifiation
thermal conditions and the visual environment, instead of concentrating solely on acoustic
environmentto avoid any possibility of bias towards the acoustic agj@gée??].

SPL measurement was conducted immediately after each interview. In the measurement,
the microphone of the sound level meter was positioned approximatelgviay from any
reflective surfaces and 1.2 m to Insaway above the floor to reduce the effect of acoustic
reflection[23]. This method of measurement was also used in indoor SPL measurement of
previous studies [23-26]. The sound level meter was set in slow-mode, and readingewas tak
every 3sto 5s. A total of 100 measurement data were obiaimadh survey position, and
corresponding LAeq was derived. The intervieagsvell as measurements were carried at a
number of representative locations, typically 5-7, at every survey site, givem tBath
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spaces there is generally no significant difference between differ@atiolos, although an
alternative method would be to use gird points and draw a contour map.
Table 1. Basic information of the survey sites, including size, floor plan, and the number of
interviews conducted.

Sites Size Floor plan Number of
(m) interviews
Shi Tou Dao 17000 598
=gy 3 - T == |
(street type) - e - =
Railway 50000 446
Station
(square type)
Qiu Lin 14000 _ B - 459
waadhesnwkakesnnspiennannge §
(street type) L L ety - :I—._E‘ =
The first floor underground
yanks l_TJ'JFIEJ
..... # TETECS Vit kad
REREEE e
The second floor underground
- | O A N [ (S 1AL T
Hui Zhan 30000 (S e e e 690
(square type) HH  HEH EHREEE HH B
HH  HEH R EE HH L
HHH HHHEH BB B B
HEEH B B hﬁBﬂEE
9 O o P Ve 5V ee—
Le Song 15000 | - om - = 629
(street type) | | I

Simultaneously, the air temperature and relative humidity were measured using a
temperature and humidity meter HMI41, with the probe positionddban above the floor
and approximately 1 m away from any wall [27-28]. The luminance was measuredausing
luminance meter TES1336A, at 1.64 m above the floor, namely the average eye altitude of a
Chinese man [29-30].

The subjective loudness, acoustic comfort, perceived humidity, brightness evaluation and
visual evaluation were also included in the questionnaire survey [31], and in Tablg 2, on
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some surveyed and measured factors are listed. It is noted that the perceiwdity lwasi
used in this research instead of humiture, given that perceived humidigressubjective,
while humiture is more objectivg32-33]. Before the interview, interviewers usually
explaired the interviewees the questions [3Bbr acoustic comfort evaluation, for example,
users were told thdtt means their general evaluation of acoustic comfort when they heard all
the soundin the survey sites. The actual question wWBkase evaluate the general acoustic
comfort at the moment at this location by ticking one of the following boxes’, where a five
point linear scale was used, with 1, very uncomfortable; 2, uncomfortable; 3, neither
comfortable nor uncomfortable; 4, comfortable; and 5, very comfortable. It ésl motthe
table that for SPL, relative humidity and luminance, the actual numerical vakiese,
whereas for temperature, the data are divided into 5 categories.

Table 2. Factors considered in the measurements and subjective evaluation.

Factors Measures of the attributes
SPL dBA
°C, scale 1 to 5, with 1 as <19 2 as 10-
Air temperature 15°C, 3 as 15- 2@, 4 as 20-2% and 5
as >25C
Relative humidity %
Horizontal luminance lux

o Scales 1 to 5, with 1 as very low and 5
Subjective loudness _
very high

_ Scales 1 to 5, with 1 as very uncomforta
Acoustic comfort
and 5 as very comfortable

, Scales 1 to 5, with 1 as very uncomforta
Heat evaluation
and 5 as very comfortable

b ved humidit Scales 1 to 5, with 1 as very uncomforta
erceived humidi
Y and 5 as very comfortable

_ _ Scales 1 to 5, with 1 as very uncomforta
Brightness evaluation
and 5 as very comfortable

_ _ Scales 1 to 5, with 1 as very uncomforta
Visual evaluation
and 5 as very comfortable

The results were analysed usiB§SSSoftware 19 [35], considering the linear and
nonlinear correlations using Pearson/Spearman correlations (two-tailedgllaaswmnean
differences (t-test, two-tailed) for factors with two scales, and Pearson chedquéactors
with more than three scales.

3. Influence of spatial characteristics

Based on the survey and the measurement results, this section presents the effect of
spatial characteristics on the evaluation of the acoustic environment.

3.1 Space type

LAeq varied in different survey sites, therefore, three distinctive Lierp chosen in
this study, namely 55, 65, and 75 dBA corresponds to low, medium, and high sound levels,
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respectively.Each level has a range of 4 dBA: low LAeq with 53 dBA to 57 dBA (231 ;data)
medium LAeq with 63 dBA to 67 dBA (465 data); and high LAeq with 73 dBA tdBA
(871 data). The values outside these ranges were relatively few, so thatimatiiss, these
values were not considered. The mean subjective loudness and acoustic congiograire
Figure 1, based on the three LAeq categories in different underground shopping streets.

5 A 55dBA
O 65dBA
O 75d8A
12}
wn 14
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s
5]
o %
a3
)
-
-
+
3 o o o ©
sy E A A
o)
=]
9p] A A
1—:
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(square type) (square type)  (street type) (street type)  (street type)
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F -]
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+ 1 -
19
S
=] (o]
<) 9 o 0
o
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i o A (o)
= o O O o
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S 2+ 5
<
14
T T T T T
Hui Zhan Railway Station Qiu Lin Shi Tou Dao Le Song
(square type) (square type) (street type) (street type) (street type)
Survey sites (b)

Figure 1. Relationship between the sound level and subjective loudness (a), as well as

acoustic comfort (b) in different types of underground shopping street

Figure 1la shows that there is an incraéassubjective loudness, only by 0.20 to 0.@8,
LAeq was changed from 55 dBA to 65 dBA in the survey sites. This result ggaivs that,
to some degree, say 55-65dBA in underground shopping streets, LAeq is not a good indicator
of subjective loudness.

The subjective loudnesds significantly increased by an average of 1.20 to 1.60 when
LAeq was increased from 65 dBA to 75 dBA. Thebjective loudness in “square type”
underground shopping streeis notably higher than that in “street type”. The mean
difference ranges from 0.30 to 0.50 with LAe§5dBA. However, thee is insignificant
difference between the two types of underground shopping streets with 62\éBA. The
subjective loudness in “street type” underground shopping streets is slightly higher than that
in “square type” with LAeq=75 dBA, with a mean difference ranging from 0.10 to 0.30. In
other words, theubjective loudness of the “square type” underground shopping street is
higher than that in thé&streettype” if LAeq is relatively low, whereas the subjective loudness
of the “street type” is higher when LAeq is relatively high. A possible reason, based on site
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observation, is that, the LAeq was lower when there wererfagers, and the echoes were
more evidenin the “square type” underground shopping street, resulting in higher subjective
loudness. On the other hand, the LAeq was high when there were more people, and the
crowded appearancm the “street type” influenced peopfe perception psychologically,
creating a higérlevel of subjective loudness.

Figure 1b shows higher acoustic comfort level with LAeq=65 dBA than that with
LAeqg=55 dBA and75dBA. In a previous study [36], it was also found that the relationship
between the measured LAeq and the acoustic comfort evaluation is of a parabolimshape i
such spaces, where when the LAeq is lower or higher than a certain apgueximately
65dBA to 70 dBA, the acoustic comfort evaluation score becomes lower with a dower
higher LAeq. It is also interesting to note that the acoustic comsfaigher in the “square
type” than that in the “street type” underground shopping streets with LAeg=55 dBA, with a
mean difference between 0.40 and 1.00. Similar trends can also be observed wjth LAe
65 dBA and 75 dBA, with a mean difference of <0.70, and 0.10-0.50, respectively. In other
words, the difference between the two types of underground shopping streets isvgreater
the LAeq is lower.

3.2 Floor level

A number of previous studies indicated that users’ evaluation varies at different floor

levels of the same building [37-40]. In this study, in order to test if the evaluatimowo$tics
is influenced by different floor levels, the mean difference in acoustic commfdetermined
between the first and second floors of the Qiu Lin underground shopping strelet.\Aé
is a good baselinie comparing the mean difference in acoustic comfort, since in this study it
is hard to find the same values of measured LAeq at different floor lewelse comparison
of the evaluation of acoustic comfort, subjective loudigessed as a baseline instea@tis is
acceptable due to the linear relationship between LAeq and subjective loudness in
underground shopping streets [36]. The mean difference in subjective acoustic comfort
between the first and second floors, based on T-test of independent samplesynisrnsh
Table 3. The table suggests an insignificant mean difference in subjective acoustbrt
between the users in the first and second floors. The similarity of both flotre internal
decoration style, the type of goods sold, the number of people, the temperature and humidity,
and the primary sound source could have led to the insignificant mean differenceerin ot
words, this result suggests that the floor level in underground shopping siegetsave no
significant influence on use€rgvaluation of acoustics, and this in turn, would be useful to
understand the difference in acoustic evaluation between underground and above ground
levels.

Table 3. Mean difference in acoustic comfort between the first and second floors in the Qiu

Lin underground shopping street, where the significance levels (two-tailed) are also shown.

Subijective loudness Mean difference /significance Degree of freedom
1-very low 0.02/0.80 55

2-low 0.06/0.65 92

3-neither low or high 0.28/0.07 141

4-high 0.04/0.77 98

5-very high 0.17/0.34 65
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3.3 Function

In underground shopping streets, the function of every space is different. This stud
focused on two space types, namely shopping and dining spaces in underground shopping
streets, examining the influence of spatial function on acoustic comfont avigiven
subjective loudness. Shi Tou Dao and Railway Station were taken as case study sites for this.

The shopping and dining spaces in Shi Tou Dao are farther from one another, as shown
in Figure 2. The mean difference in acoustic comfort between these two spaces isnshown
Table 4. It can be observed that acoustic comfort wasrlmathe shopping space than that in
the dining spacevhether the subjective loudnessilow”, “neither low nor high, and“high”.

The mean difference in acoustic comfort between dining and shopping spages 0.30 to

0.40. A possible reason for the difference is that most respondents in the sgiaceg had
rested, and their acoustic comfort might have increased after taking a rest.

Table 4. Mean difference in acoustic comfort between the shopping and dining spaces in the
Shi Tou Dao underground shopping street, where the significance levels (two-tailed) are also

Subijective loudness Mean diﬁereniz(l):;lgﬁificance Degree of freedom
1-very low — 5

2-low -0.36/0.05 67

3-neither low nor high ~ -0.38/0.02 225

4-high -0.30/0.01" 81

5-very high -0.22/0.09 66

" indicates p<0.01, andndicates p<0.05

(b)

Figure 2. Shopping (a) and dining spaces (b) in the Shi Tou Dao underground shopping street
To verify this assumption, a small-scale survey was conducted in the Shi Tou Dao

underground shopping street. The respondents were categorised as either A, thaseewho

preparing to sit and have a rest, or B, those who have rested for a whilsurvbg vas

conducted simultaneously in 12 locations within the underground shopping street to ensure

the comprehensiveness of the survey and the similarity of the environment. lloesan]

four respondents were selected, with two per category. In other wordal afté8 samples

were obtained, with 24 samples per category. The time of the surveymitasl lio 2 minutes

only. The results are shown in Figure 3. It can be seen that 30% of thedersigsonho were

resting selected “neither uncomfortable nor comfortable”, 40% chose “comfortable” or “very

comfortable”, and 30% selected “uncomfortable” or “very uncomfortable”. In comparison,

45% of the people who were preparing to rest selected “neither uncomfortable nor

comfortablé, 40% of the respondents ckdSincomfortable” or “very uncomfortable” and

only 15% selected “comfortable” or “very comfortable”. Notably, the people who chose “very

comfortable” were all individuals who have rested. In contrast, none of the people who were

Applied Acoustics, Volume 74, 2013, pages:1001-1009 7
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preparing to rest chose theery comfortable” option. In other words, the results confirm that
in terms of acoustic comfort, people who have egsire higher than those who were
preparing to sit and not having a rest.

50+
MW Have a rest

[0 Not have a rest

20
10 4 I
4 5

1 2 3
Acoustic comfort

Figure 3. Comparison of acoustic comfort between users who have rested and those who
have not
In the shopping space, a number of goods were sound sources themselves. Therefore,

different selling spaces might affect users’ acoustic comfort. The mean difference in acoustic
comfort between spaces selling toys and cloffassshown in Fig. 4) at the same subjective
loudness level is shown in Table 5, where the Railway Station underground shoppirig stree
taken as an example. It can be seen that acoustic camfogher in the space selling toys
than that in the space selling clothes, with a mean difference ranging froro @3BD. The
mean difference in acoustic comfort notably decreased, from 0.77 to 0.21, withs@ucrea
subjective loudness. When subjective loudngsgery high’, the mean difference in acoustic
comfortis insignificant between these two kinds of space.

Table 5. Mean difference in acoustic comfort between toy and clothes selling areas in the

Railway Station underground shopping street, where the significance levels (two-tailed) are

Percentage (%)

also shown.
Subijective loudness Mean difference/significance Degree of freedom
1-very low — 14
2-low 0.77/0.00° 98
3-neither low nor high 0.56/0.00" 112
4-high 0.21/0.05 105
5-very high -0.11/0.56 83

™ indicates p<0.01, andndicates p<0.05
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(b)

Figure 4. Clothes (a) and toy (b) selling spaces in the Railway Station underground shopping
street

4. Influence of environmental characteristics

The influence of environmental factors in the evaluation of acoustic enviroriment
underground shopping streets is discussed in this section in terms of saldmadiness and
acoustic comfort. The ranges of the measured temperature, relative ianaliight level
in these survey sites are shown in Table 6. As an important considergtiohogsysick
the just noticeable difference (J)NBhould be taken into account. Although the determination
of accurate JND is generally related to the cutaneous feeling ténajirerature or relative
humidity [41], some approximate values were suggested in terms of 50% JND [44],isvhi
no more than 5 degrees in air temperature and no more than 10% in deletiibty, in
general underground environments, such as underground shoppétg streubways. From
Table 6 it can be seen that this 50% JND is considerably smaller hieamange of
temperature or relative humidity in the survey sites. In other words, thesksmild certainly
feel the changeis air temperature and relative huntydin the survey sites.

Table 6. The ranges of the measured temperature, relative humidity and luminance level in
the survey sites.

Survey sites Air temperature  Relative humidity Luminance level
(C) (%) (lux)

Range Mean Range Mean Range Mean

Shi Tou [ao 5-26 17.26 25-72  65.21 85-225 116.30
Railway Station 3-25 1852 40-85 68.72 60-207 96.25

Qiu Lin 1-30 18.23 21-76  59.15 72-238 102.33
Hui Zhan 12-24  18.49 25-75  61.42 102-265 130.13
Le Song 9-26 18.61 32-82 68.54 90-280 119.26

4.1 Temperature

The relationships between air temperature and subjective loudness and between air
temperature and acoustic comfort are shown in Table 7, where Chi-square test daiiboorre
coefficient R are also given. A significant correlation coefficient of -0.11 (p¥0£&tveen air
temperature and subjective loudnés®nly observed in Qiu Lin. Although the correlation
between air temperature and acoustic comsosignificant (p<0.01 or p<0.05) in three other
underground shopping streets, the correlation coefficigatvBry low. These results seem to
suggest that neither subjective loudness nor acoustic comfort was influencadasitniby
air temperature in the survey sites.

Applied Acoustics, Volume 74, 2013, pages:1001-1009 9
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Table 7. Chi-square test of correlation coefficients between air temperature and subjective
loudness as well as acoustic comfort, where the significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

ShiTouDao  -0.02/0.59 0.13/0.00° 584
Railway Station 0.01/0.73 0.04/0.23 435
Qiu Lin -0.11/0.01" 0.05/0.22 428
Hui Zhan -0.01/0.73 0.09/0.03 651
Le Song -0.06/0.06 0.07/0.04 599

" indicates p<0.01, andndicates p<0.05

The relationship between heat evaluation and subjective loudness, as well as the
relationship between heat evaluation and acoustic comfort, are presented ir8.Tahke
correlation R between heat evaluation and subjective loudness ranges frono-80140
(p<0.01), while correlation R between heat evaluation and acoustic comfort reorge& 20
to 0.50 (p<0.01) in all survey sites. This means that when heat evalisatigh, subjective
loudnesss low, whereas acoustic comfasthigh.

Table 8. Chi-square test of correlation coefficients between heat evaluation and subjective
loudness as well as acoustic comfort, where the significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

Shi Tou Cao -0.35/0.00° 0.36/0.00° 597
Railway Station -0.34/0.00° 0.22/0.00° 445
Qiu Lin -0.20/0.00" 0.37/0.00" 458
Hui Zhan -0.19/0.00° 0.32/0.00° 689
Le Song -0.30/0.00" 0.42/0.00° 628

“Tindicates p<0.01, andndicates p<0.05

4.2 Humidty

The relationship between relative humidity and subjective loudness and tiensélip
between relative humidity and acoustic comfort are also athlys Table 9, the Pearson
correlation between relative humidity and subjective loudness is showe sggnificant
(p<0.01) in four survey sites. Interestingly, the correlation coefficiefitefdreen relative
humidity and subjective loudnessspositive in Qiu Lin (0.30) and in Hui Zhan (0.26) where
the mean of relative humidity is 59.15% and 61.42% (Table 6) , whereasistasmegative
correlation coefficient in Railway Station (-0.29) and Le Song (-0.33), where the mean of
relative humidity is 68.72% and 68.54% (Table 6). From the analysis of the nibdatagt
seems that in the case study sites, subjective loudnieigher with a higher relative humidity
when relative humidityis relatively lower. However, subjective loudness is lower veith
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higher relative humidity when relative humidity is relatively highere Tasults also show

that the correlation between relative humidity and acoustic comfergnificant (p<0.01) in

all survey sites. The correlatias positive in Shi Tou Dao, Railway, and Le Song, with

correlation coefficients ranging from 0.16 to 0.35, whereas the correlation is eeiga@iu

Lin and Hui Zhan, with correlation coefficients at -0.32 and -0.33, respectivésynoted,

however, to draw more general conclusions in this respect, it would be usefuketonbesy

case studies.

Table 9. Pearson correlation coefficients between relative humidity and subjective loudness

as well as acoustic comfort, where the significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

ShiTouDao  -0.10/0.11 0.16/0.01 584
Railway Station -0.29/0.00° 0.35/0.00° 435
Qiu Lin 0.30/0.00" -0.32/0.00" 428
Hui Zhan 0.26/0.00" -0.33/0.00 651
Le Song -0.33/0.00° 0.23/0.00° 599

“Tindicates p<0.01, andndicates p<0.05

The relationship between perceived humidity and subjective loudness, as well as between
perceived humidity and acoustic comfort, is shown in Tdblewhere Chi-square test and
correlation coefficient R are also provided. The correlation R between perceivedtiamdi
subjective loudness ranges from -0.08 to -0.33 (p<0.01), and the correlation R between
perceived humidity and acoustic comfort rasfyjom 0.21 to 0.31 (p<0.01) in all survey sites.
These results indicate that when perceived humidity is high, subjective lousihess and
acoustic comfort is high.

Table 10. Chi-square test correlation coefficients between perceived humidity and subjective
loudness as well as acoustic comfort, where the significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

ShiTouDao  -0.30/0.00° 0.31/0.00° 597
Railway Station -0.33/0.00 0.23/0.00° 445
Qiu Lin -0.32/0.00° 0.24/0.00° 458
Hui Zhan -0.08/0.09 0.21/0.00° 689
Le Song -0.24/0.00" 0.23/0.00° 628

“Tindicates p<0.01, andndicates p<0.05

The effect of the interaction between air temperature and relative humiditybgective
loudness and acoustic comfort has been also considered, given that previous studiegisugges
that such interactions could affect useesmvironmental evaluatiofd3]. In Table 11, the
results of multiple regressions between such interaction and subjemitheeks as well as
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acoustic comfort are given, where the adjusted R square, and Significance are\atkadpr
It can be seen that, in most of survey sites, the evaluation of subjective loudnassestit
comfort have significant relationships with interaction of air temperature amdiveel
humidity (p<0.05), where the adjusted R square is 0.04 to 0.14 for subjective loaddess
0.04 to 0.39 for acoustic comfort.
Table 11| Multiple regressipn between interaction of air temperature and rblatiigity
and subjective loudness as well as acoustic comfort, where the adjusted R square and
significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of
(Adjusted R square (Adjusted R square freedom
/significance) /significance)

Shi TouDao  0.02/0.25 0.04/0.00° 597

Railway Station 0.14/0.00 0.37/0.00° 445

Qiu Lin 0.04/0.00 0.06/0.00" 458

Hui Zhan 0.11/0.00 0.38/0.00° 689

Le Song 0.06/0.00° 0.39/0.00° 628

“Tindicates p<0.01, andndicates p<0.05

4.3 Luminance

The relationships between luminance and evaluation of acoustics are shown in Table 12
The correlation between luminance and subjective loudisesignificant (p<0.01) in three
survey sites, with R ranging from -0.10 to -0.23. The correlation between luminance and
acoustic comforts significant (p<0.01) in all survey sites, with R ranging from 0.18 to 0.32.
These results suggest that when luminaadegher, subjective loudnesds low, and acoustic
comfortis high.

Table 12. Pearson correlation coefficients between luminance and subjective loudness as well
as acoustic comfort, where the significance levels (2-tailed) are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

Shi TouDao  0.02/0.60 0.32/0.00° 584
Railway Station -0.07/0.07 0.18/0.00° 435
Qiu Lin -0.11/0.00" 0.27/0.00" 428
Hui Zhan -0.10/0.03 0.23/0.00° 651
Le Song -0.23/0.00" 0.29/0.00" 599

“Tindicates p<0.01, andndicates p<0.05

The relationships between brightness evaluation and evaluation of acoustiesnarers
Table 13, where Chi-square test and correlation coefficient R arpralgded. It can be seen
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that the correlation between brightness evaluation and subjective loudness igasignifi
(p<0.01) in all survey sites, with R ranging from -0.16 to -0.33. There is @adicnt
correlation (p<0.01) between brightness evaluation and acoustic comfort in all stegy Si
with R ranging from 0.16 to 0.50. These results indicate that when brightness evakiation
high, subjective loudnesslow, and acoustic comfoig high.

Table 13. Chi-square test of correlation coefficients between brightness evaluation and

subjective loudness as well as acoustic comfort, where the significance levels (Zatailed)
also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

Shi TouDao  -0.28/0.00° 0.42/0.00 597
Railway Station -0.29/0.00° 0.50/0.00° 445
Qiu Lin -0.33/0.00" 0.33/0.00° 458
Hui Zhan -0.22/0.00° 0.28/0.00° 689
Le Song -0.16/0.00" 0.16/0.00" 628

“Tindicates p<0.01, andndicates p<0.05

4.4 Visual

A number of previous studies [15] indicated that visual evaluation, whénerally
refers to the evaluation of interior decoration ][34as influence on the evaluation of
acoustics in open space, but such research has been very limited in undergroundrspaces
Table 14 the relationshipg presented between visual and acoustic evaluations. It can be seen
that there is a significant correlation between visual evaluation and subjective Bbudnes
(p<0.0l1or p<0.05) in four survey sites, with R ranging from -0.12 to -0.37. The tiomrela
between visual evaluation and acoustic comfort reaches a significant levél(pkQall the
survey sites, with R ranging from 0.21 to 0.36. These results indicate thatweueh
evaluationis high, subjective loudnesslow, and acoustic comfoig high.

Table 14. Chi-square test correlation coefficients between brightness evaluation and

subjective loudness as well as acoustic comfort, where the significance levels (2atailed)
also shown.

Survey sites Subjective loudness Acoustic comfort Degree of

(Correlation/significance) (Correlation/significance) freedom

ShiTouDao  -0.36/0.00° 0.32/0.00° 597
Railway Station -0.17/0.01" 0.21/0.00° 445
Qiu Lin -0.37/0.00° 0.36/0.00° 458
Hui Zhan -0.07/0.13 0.27/0.00° 689
Le Song -0.12/0.03 0.31/0.00° 628

“Tindicates p<0.01, andndicates p<0.05
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5. Discussions

In the survey, the interviewees were asked to write down the most important
environmental factoi.e. sound, temperature, humidity, lighting, and visual. Statistical results
in Figure 5 show that nearly 30% of respondents selected the sound environmemhast the
important factor. On the other hand, only about 5% of respondents said that ntwee of t
environmental factors was important. It would be interesting to examine wiie¢hattitude

of respondents towards the sound environment has an influence on subjective loudness and
acoustic comfort.

Percentage (%)

None Visual Humidity Heat Brightness Sound
Environmental factors

Figure 5. Evaluation of the most important factor among all environmental factors
The respondents were first grouped into two: a group who think environmental factors

are important, and another group who think none of the environmental factors is important.
The mean difference of subjective loudness and acoustic comfort between the twagroups
shown in Table 15. Since it is useful to examine if the differences diffeffatedit survey
sites, comparisons are made for each survey site. It can be seen that thefimearceali
between the two groups is not significant in most survey sites.
Table 15. Mean difference in subjective loudness and acoustic comfort, between respondent

group who think environmental factors are important, and who think none of the

environmental factors is important, where the significance levels are also shown.

Survey sites Subjective loudness Acoustic comfort Degree of
( Mean difference ( Mean difference freedom
/significance) [significance)

Shi TouDao  0.34/0.02 -0.04/0.79 597

Railway Station -0.22/0.15 0.48/0. 02 445

Qiu Lin 0.18/0.34 0.35/0.12 458

Hui Zhan 0.12/0.67 -0.27/0.31 689

Le Song -0.30/0.12 0.29/0.23 628

™ indicates p<0.01, andndicates p<0.05
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The respondents were then grouped diffdyenith the first group who think that the
sound environment is the most important factor and another group who selected other
environmental factors. The mean difference shown in Tables B&nerally significant in
terms of the evaluation of subjective loudness as well as acoustic comflor,sighificance
levelat p<0.01 or p<0.05 in four of the survey sites. The respondents who think that the sound
environment is the most important factor gave higher subjective loudnessa wmitman
difference ranging from 0.16 to 0.39 in different survey sites. They also gaee dcoustic
comfort evaluation, wittra mean difference ranging from 0.07 to 0.32. In other words, the
results suggesthat the respondents’ attitude to sound environment could influence their
evaluation of subjective loudness and acoustic comfort.

Table 16. Mean difference in subjective loudness and acoustic comfort, between respondent
group who think that the sound environment is the most important factor and who selected
other environmental factors, where the significance levels are also shown.

Survey sites Subjective loudass Acoustic comfort Degree of
( Mean difference ( Mean difference freedom
Isignificance) [significance)

Shi TouDao  0.39/0.00° -0.32/0.00° 502

Railway Station 0.17/0.02 -0.28/0.00° 397

Qiu Lin 0.35/0.00" -0.20/0.05 381

Hui Zhan 0.16/0.19 -0.07/0.57 606

Le Song 0.24/0.00° -0.24/0.03 585

" indicates p<0.01, andndicates p<0.05

6. Conclusions

Based on the questionnaire survey and the measurement conducted in five typical
underground shopping streets, the evaluation of the sound environment with different space
types and environmental characteristics in underground shopping streets was studied.

For spatialcharacteristics, the respondents’ subjective loudness was higher in “street
type” than in “square type” underground shopping streets when LAeq was high (75 dBA).

The respondents’ acoustic comfort was higher in “square type” than in “street type”
underground shopping streets when LAeq was low (55 dBA). In the studied underground
shopping streets, no significant difference in acoustic comfort was found between #edfirst
second floors. In terms of spatial function, acoustic comfort was higher mgdipaces than

in shopping spaces, with a given subjective loudness. Moreover, the type of seltieg spa
may have affected acoustic comfort too.

Regarding environmental characteristics, the subjective loudness is influenced by
humidity and luminance, with correlation coefficients of about 0.10 to 0.30. The evaluation of
acoustic comfort is influenced by air temperature, humidity, and luminanttecerrelation
coefficients of 0.1 to 0.4. The correlation between environmental evaluation and the
subjective loudness, and acoustic comfort are all significant, with cioreladefficients of
0.1 to 0.5. Moreoverrespondents’ attitude to sound environment could influence their
evaluation of subjective loudness and acoustic comfort.
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